Introduction {#S0001}
============

Idiopathic pulmonary arterial hypertension (IPAH) is one of the rare and poor prognostic diseases characterized by progressive pulmonary artery damage, increasing of pulmonary vascular resistance and pulmonary blood pressure, high level of patient's disability and death. The etiology of this disease is unknown and prevalence ranges from 6 to 9 in a million adults.[@CIT0001]--[@CIT0004] Female/male incidence ratio is 2:1 and females are significantly older.[@CIT0005]

There are a lot of studies devoted to evaluation of the IPAH prevalence and factors associated with poor prognosis. Male gender, high right atrium pressure, low cardiac output, poor functional capacity (low WHO functional class, short 6-minute walking test (6MWT) distance, high level of natriuretic peptides) are associated with IPAH mortality.[@CIT0002],[@CIT0006] The search for new markers of poor prognosis is a perspective direction for new investigations in the field of pulmonary hypertension.

IPAH is characterized by pulmonary artery vascular damage: smooth muscle hypertrophy, vasoconstriction, plexiform remodeling, local hypercoagulability and endothelial injury. These changes are supported by inflammatory cytokines, disorders of NO synthesis and destruction.[@CIT0002],[@CIT0004],[@CIT0007]--[@CIT0014]

Soon et al^15^ demonstrated increased levels of tumor necrosis factor-α, interferon-γ and some interleukins in patients with IPAH and familial PAH compared to the control group; and the elevated level of interleukin-6 was associated with worse survival. The role of inflammation in PAH was evaluated in some other studies.[@CIT0016]--[@CIT0018] Cracowski et al[@CIT0017] and Heresi et al^18^ confirmed the increased level of cytokines in PAH patients and their predictive role in prognosis. It is unclear if the inflammation is the cause of the disease or a consequence, but some publications have indicated pathological descriptions highlighting the degree of inflammation and lymphoid neogenesis in the vascular remodelling process.[@CIT0019],[@CIT0020]

In some experimental researches the authors described how inflammation plays a role in the development of systemic hypertension by inducing vascular damage, renal damage, and/or abnormal central neural regulation.[@CIT0021]--[@CIT0024] The Japanese observational study[@CIT0025] reported an increased risk of arterial hypertension development in 3,274 middle‐aged men with a high level of C reactive protein, which continued for 9 years. This risk was realized through increasing of arterial stiffness. The main conclusion of this study was that systemic inflammation may play a role in the pathogenesis of hypertension by the progression of arterial stiffness. Association of arterial stiffness with inflammation has also been highlighted in other works.[@CIT0026]--[@CIT0028]

Thus, the inflammation process is activated both in IPAH patients and in the systemic hypertensive patients. It is reasonable to suggest that activated cytokines and other proinflammatory substances in IPAH could damage not only the pulmonary arteries but also the systemic arteries, leading to increasing systemic arterial stiffness. In IPAH patients, the left ventricle suffers due to increased right ventricular pressure and worsening of the systemic arterial stiffness may lead to increasing left ventricular afterload and to additional worsening of its functional capacity. That is why systemic artery stiffness may be a marker of disease severity and response to treatment.

The modern pharmacological treatment of IPAH includes drugs which have the following mechanism of action: improving endothelial function in pulmonary arteries. Initially some pulmonary hypertension remedies were proposed for arterial hypertension or coronary heart disease treatment because of their influence on the systemic arteries. Later their much more prominent effects on pulmonary arteries were found. Although antihypertensive therapy did not demonstrate the proven positive impact in pulmonary hypertensive patients, except for calcium channel blockers in vasoreactive patients, it could improve the systemic arterial stiffness.

In the literature we were able to find some observations devoted to evaluation of the pulmonary artery resistance,[@CIT0011],[@CIT0012],[@CIT0029]--[@CIT0032] but only a few of them studied the systemic arterial stiffness.[@CIT0033]--[@CIT0035] Before planning this study we hypothesized the following: 1) patients with IPAH have active factors in circulation which could damage not only the pulmonary but systemic arteries too as in arterial hypertensive patients; 2) if these changes are present, they might correlate with other parameters influencing on the prognosis. That is why we evaluated systemic arterial stiffness measured as carotid-femoral pulse wave velocity (PWVe), carotid-radial PWV (PWVm) and cardio-ankle vascular index (CAVI) in IPAH patients and compared the results with those in the matched arterial hypertensive patients and the healthy people. Also we assessed the association of arterial stiffness parameters with the main factors of poor prognosis.

PWVe is accepted as the gold standard for evaluation of aorta arterial stiffness and could be taken into consideration for the cardiovascular risk stratification (target organ damage) in arterial hypertensive patients;[@CIT0004] but it depends highly on the blood pressure (BP) level, because blood pressure exerts on the arterial wall. It has been demonstrated that the measured stiffness was increased with a rise in loading pressure without any structural change.[@CIT0036] Besides this, PWVe depends on other factors like breathing movements (lower during inspiration than during expiration).[@CIT0037] The CAVI is a less BP-dependent characteristic of arterial stiffness.[@CIT0037]--[@CIT0041] This study is the first attempt to use CAVI for evaluation of the systemic arterial stiffness in patients with IPAH.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

In the Ukrainian referral center 112 patients were included in the study: group 1 consisted of 45 patients with newly diagnosed IPAH, group 2 included 32 patients with arterial hypertension, and in the control group were 35 healthy persons adjusted by age. Pulmonary hypertension was confirmed by right heart catheterization (RHC), mean pulmonary arterial pressure (mPAP) ≥ 25 mm Hg, pulmonary vascular resistance (PVR) ≥ 240 dynes\*s/cm^5^ and pulmonary artery wedge pressure (PAWP) ≤ 15 mmHg at rest.[@CIT0004] The first RHC was performed in our referral center within the previous 12 months. The diagnosis of IPAH was established after exclusion of all other reasons for pulmonary hypertension, except heritable pulmonary hypertension (in Ukraine it is not possible to provide genetic analysis for these kinds of patients). We used the local standard examination protocol based on ESC-2015 guidelines on diagnosis and treatment of pulmonary hypertension.[@CIT0004] Considering specific age and gender characteristics of the patients in the IPAH group, we recruited patients adjusted for demographic features in the arterial hypertension group from our department database. The sample selection was done automatically after implementation of filter criteria: age \< 65 years, newly diagnosed arterial hypertension, not taking antihypertensive treatment in previous month, and presence of arterial stiffness parameters. Patients with diseases having an influence on arterial stiffness (diabetes mellitus, chronic kidney disease, ischemic heart disease, and peripheral vascular disease, history of stroke or systemic rheumatic diseases) were excluded. The control group included age-adjusted healthy persons who were examined at our department but had no diseases assessed as influencing on arterial stiffness were found.

All patients were included in the study after signing an informed consent form for personal data process. The protocol of our study was approved by the local ethics committee of the State Institution "National Scientific Center "Institute of Cardiology named after academician M.D.Strazhesko" of Ukrainian National Academy of Medical Science (Kyiv, Ukraine). The study was based on the tenets of the Declaration of Helsinki.

Methods {#S0002-S2002}
-------

Systolic (SBP) and diastolic (DBP) arterial blood pressure (BP) were measured three times by Omron M-10 (Omron Healthcare Co., Ltd., Kyoto, Japan) in a sitting position after 10 minutes of rest in accordance with ESH-2018 guidelines.[@CIT0042] The mean of the three measurements was included in the database. Heart rate (HR) was evaluated after the second BP measurement. Body mass and height were evaluated with SECA 220 (Seca GmbH & Co, Hamburg, Germany). For exclusion or confirmation of the systemic arterial hypertension, ambulatory blood pressure monitoring (ABPM) was done by using device ABPM-04 (Meditech, Budapest, Hungary).

A 6-minute walking test (6MWT) was conducted twice in accordance with the American Thoracic Society guidelines[@CIT0043],[@CIT0044] and the best result was included in the database. HR, BP, oxygen saturation (SaO~2~) and dyspnea score (Borg Dyspnoea Score) were registered before and just after the test.

Transthoracic echocardiography (EchoCG) was conducted by the same specialists using standard measurements (Artida, Toshiba, Tokio, Japan) in accordance with joint American Society of Echocardiography and European Association of Cardiovascular Imaging recommendations.[@CIT0045] The evaluation process included both ventricle and atrium size, ejection fraction (LVEF) and diastolic function of left ventricle, stroke volume, pulmonary velocity values, tricuspid annular plane systolic excursion (TAPSE), tricuspid regurgitation velocity, calculated systolic pulmonary BP (SPBP), and dimensions of the inferior vena cava.
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Mean arterial pressure was calculated by using the formula: \[(systolic BP)/3 + 2 × (diastolic BP)/3\]. Cardiac output was calculated as stroke volume \* heart rate. SVR for IPAH patients was calculated after direct hemodynamic measurements of cardiac output and mean right atrium pressure during RHC.

PWV and central BP were assessed by using SphygmoCor (AtCor Medical Pty Ltd., Sydney, Australia). Sensors were placed at the right common carotid artery, right femoral artery and right radial artery. The impulses were enhanced to draw out a curve of the pulse wave of the carotid artery and the femoral artery (or radial artery) after the detection, registration, and computer processing. The distance between sensors was measured by a centimeter ribbon. The time of delay between the onset of the two pulse waves was automatically measured and the PWV was calculated (the distance divided by the delay time). For the evaluation of the elastic artery stiffness (PWVe), a segment from the carotid artery to the femoral artery was used, and for the assessment of muscular artery stiffness (PWVm), a segment from the carotid artery to the radial artery was used. The normal value of the PWVe is considered \< 10 m/s.[@CIT0042] The aorta blood pressure and augmentation index (Aix) adjusted for HR 75 per 1 minute (Aix\@75) measurements were performed with a Sphygmocor-PVx device too.

CAVI was measured by Sphygmomanometer and Sphygmograph VaSera-1500N (Fukuda, Tokio, Japan) by a standard method.[@CIT0039] CAVI was calculated after acquiring the distance from the level of the aortic valve (brachial level) to the measuring point (the ankle) and the time delay between the closing of the aortic valve to the detected change in arterial pressure wave at the set point.[@CIT0046] Information for CAVI computation includes PWV, SBP and DBP as well as arterial pulse waveforms. It could be obtained through the electrocardiogram, cardiac phonogram, and the pressure cuffs on the testing subject at the reference points. According to the manufacturer's instructions, a CAVI \< 8.0 is supposed to be normal, 8.0--9.0 = "borderline", \> 9.0 is considered as suspected arteriosclerosis.[@CIT0039],[@CIT0047] The CAVI assessments were provided before the first RHC was done.

During the RHC we evaluated the right atrial, the right ventricular, the pulmonary artery and the wedge pressures. The thermodilution method was used to determine the cardiac output and calculate the stroke volume, the cardiac index (CI), and the indexed pulmonary vascular resistance (PVR). In all pulmonary hypertensive patients the vasoreactivity test with inhaled iloprost was conducted in accordance with ESC-2015 guidelines.[@CIT0004] Patients with positive tests were excluded from the study.

The biochemical analyses were provided by an automatic photometer (Cormay Livia Chemistry Analyzer, Lublin, Poland). The kidney function was estimated according to the results of the glomerular filtration rate (GFR) calculated by the EPI formula from serum creatinine concentration. N-terminal pro-B-type natriuretic peptide (NT-proBNP) level was also assessed by electrochemiluminescence immunoassay (ECLIA) method (NT pro-BNP, Roche, Germany) with a Roche modular analytics E170 immunoassay analyzer.

The baseline study procedures were conducted in naïve patients without therapy. Further, IPAH patients were prescribed sildenafil or inhalation iloprost or their combination (the only specific drugs available in Ukraine at the time of study). The patients with arterial hypertension started to take antihypertensive drugs according to ESC/ESH-2018 guidelines.

Statistical Methods {#S0002-S2003}
-------------------

Variables are presented as mean ± standard deviation (SD) or as a percentage. All statistical calculations were performed using the Statistical Package for Social Sciences version 13.0 (SPSS Inc, Chicago, IL, USA). The Student's *t*-test of mean values was used for comparisons between the two groups and chi-square analysis was provided for categorical variables. The Spearman correlation coefficients were calculated between the systemic artery stiffness parameters and the main IPAH patient characteristics. Significant variables on the Spearman correlation were used in multivariable linear regression analysis (Backward stepwise method) for the evaluation of independent predictors correlated with PWVe, PWVm and CAVI. The univariate and multivariable binary logistic analyses were performed to indicate the parameters associated with abnormal CAVI level (\> 8). All the tests were two-tailed. The data were considered significant at p \< 0.05.

Results {#S0003}
=======

Baseline patient characteristics are presented in [Table 1](#T0001){ref-type="table"}. The groups were adjusted by the main characteristics influencing on arterial stiffness: age, gender, body mass index and serum glucose level. The prevalence of smoking history did not differ significantly between the groups. In comparison with the IPAH and control groups the patients with arterial hypertension had a higher level of total cholesterol, but its mean value was within the normal range. The office SBP, DBP and pulse blood pressure (PBP) levels were significantly higher in the arterial hypertensive patients, than in IPAH and the control group. The HR was significantly higher in IPAH patients than in the hypertensive and control group patients. The PBP level was significantly lower in IPAH patients than in the healthy persons. The GFR-EPI was the highest in healthy adults. In the IPAH group 4 (8.9%) patients had mPAP 25--44 mmHg, 21 (46.7%) had mPAP 45--64 mmHg, and 20 (44.4%) had mPAP ≥ 65 mmHg. Fifteen (33.3%) IPAH patients presented with WHO functional class I--II, 26 (57.8%) with WHO functional class III and 4 (8.9%) with WHO functional class IV. IPAH patients had significantly shorter 6MWT distance and higher Borg dyspnea scores than the patients with arterial hypertension and the control group. Also they had lower TAPSE and a higher eccentricity index. SVR in IPAH patients was significantly lower than in the hypertensive patients, but significantly higher than in the control group.Table 1Patients\' Characteristics in Groups (M±SD), n (%)PatternsGroup 1 (IPAH)\
n=45Group 2 (Arterial Hypertension)\
n=32Control Group\
n=35Age, years42.0±12.741.7±12.241.4±11.2Female/male, n (%)37 (82.2)/8 (17.8)20 (62.5)/12 (37.5)28 (80)/7 (20)History of smoking, n (%)6 (13.3)9 (28.1)6 (17.1)SBP, mmHg108.6±16.1\*146.1±10.7114.5±10.6\*DBP, mmHg74.6±8.9\*94.2±9.870.4±10.3\*PBP, mmHg34.6±12.5\*^,\#^51.9±10.344.2±10.5\*HR, beats per min76.0±12.1^\#,^\*72.8±13.469.7±9.4\*Body mass index, kg/m^2^25.3±2.825.4±3.825.5±3.3Total cholesterol, mmol/L4.4±2.3\*4.9±3.14.5±3.4\*GFR-EPI, mL/min/1.73m^2^79.4±9.3^\#^82.1±10.299.4±11.8\*Fasting glucose, mmol/L4.9±3.35.0±2.54.8±4.46MWT, m330.2±14.6\*^,\#^523.8±35.3560.9±30.2\*Borg score, point6.2±1.8\*^,\#^1.2±2.10.9±2.8LVEF, %68.4±5.162.2±6.372.2±12.1TAPSE, mm16.4±3.1\*^,\#^20.2±3.822.2±5.1Eccentricity index (RV/LV)1.67±0.8\*^,\#^0.88±0.40.78±0.5Peak TRV, m/s3.9±1.1\*1.96±0.8Not measurablemPAP, mmHg58.9± 3.9----PVR, dynes\*s/cm^5^1164.9±104.1----CI, mL/min/m^2^2.22±0.15----SVR, dynes\*s/cm^5^1693.7±411.3\*\*^,\#\#^1982.2±511.81242.2±324.6\*[^1][^2]

Aortic SBP and arterial stiffness characteristics in the groups are presented in [Table 2](#T0002){ref-type="table"}. As it was expected the central blood pressure, AIx, PWVm and PWVe were the highest in the hypertensive patients. After adjusting for HR groups did not differ by AIx\@75. The control group and IPAH did not have significant differences in mean aorta SBP, AIx and AIx\@75, but PWVm and PWVe values were significantly higher in IPAH patients, than in the control group. The CAVIs on both sides were significantly lower in the healthy subjects. Patients with IPAH did not differ from the arterial hypertension patients by CAVIs: 40% (n=18) of IPAH patients had CAVI \> 8.0 on the right and/or left side.Table 2Central Blood Pressure and Arterial Stiffness Characteristics in Groups (M±SD)PatternsGroup 1 (IPAH)\
n=45Group 2 (Arterial Hypertension)\
n=32Control Group\
n=35Aortic SBP, mmHg99.3±10.6\*128.1±20.1101.6±9,3AIx, %13.2±10.6\*\*21.6±17.813.6±16.3AIx\@75, %13.5±10.618.4±15.311.2±9.3PWVm, m/s8.1±1.9\*\*\*^,\#^10.3±1.56.63±1.34\*PWVe, m/s8.49±1.92\*^,\#\#^11.42±1.707.29±0.87\*СAVI on right side7.40±1.32^\#\#\#^7.19±0.785.91±0.99\*СAVI on left side7.22±1.32^\#\#\#^7.2±1.15.98±0.87\*[^3][^4]

Thus, in spite of the equal and at normal range blood pressure level, the age-adjusted patients with pulmonary hypertension had significantly stiffer arteries than healthy persons and they were comparable with the arterial hypertensive patients by CAVI.

In the group of IPAH patients we provided the correlation analysis between arterial stiffness and other possible prognostic parameters. Results are presented in [Table 3](#T0003){ref-type="table"}. PWVe did not correlate with any parameters except uric acid. The patient functional state, biomarker level, EchoCG, and RHC values did not have associations with aorta stiffness. PWVm correlated with uric acid (r=0.58, P\<0.001), NT-proBNP (r=0.33, P=0.03) and male gender (r=0.37, P=0.013) at Spearman analysis, but after the conducted multifactorial linear regression analysis only an association with uric acid preserved significance. The CAVI correlated with age and parameters characterizing of functional capacity (6MWT distance) and right ventricle function (NT-proBNP, TAPSE) at Spearman analysis and with age and TAPSE at multifactorial linear regression analysis. We did not find significant correlations between SVR, PVR and CAVI. Only for SVR and PWVm was the correlation coefficient 0.22, but P=0.07.Table 3Significant Correlation Between Arterial Stiffness and Other Parameters in Idiopathic Pulmonary Arterial Hypertension PatientsParametersSpearman Correlation Parameter, r, PMultivariable Linear Regression Analysis β, P, CIPWVePWVm: r=0.39, P=0.008β=0.07, P=0.66 CI-0.25--0.39Uric acid: r=0.36, P=0.014β=0.002, P=0.50 CI-0.004--0.007PWVmUric acid: r=0.58, P\<0.0001β=0.009, P=0.001, CI 0.004--0.013NT-proBNP: r=0.33, P=0.03β=0.12, P=0.79 CI-0.05--0.38Male gender: r=0.37, P=0.013β=0.13, P=0.15 CI-0.44--2.67CAVI right sidePWVe: r=0.30, P=0.042β= 0.23, P=0.99 CI-0.24--0.24PWVm: r=0.44, P=0.003β=0.16, P=0.08 CI-0.23--0.38Age: r=0.43, P=0.003β=0.048, P=0.001, CI 0.021--0.076Uric acid: r=0.30, P=0.043β=0.01, P=0.9 CI-0.003--0.0046MWT: r=−0.31, p=0.035β=−0.002, P=0.33 CI-0.005--0.002TAPSE: r=−0.42, P=0.004β=−0.13, P=0.014, CI-0.23- \[- 0.027\]NT-proBNP: r=0.37; P=0.015β=0.001, P=0.25, CI-0.001--0.0001CAVI left sidePWVm: r=0.37; P=0.012β=0.073, P=0.43 CI-0.11--0.26Age: r=0.50; P=0.0005β=0.052; P=0.001, CI 0.026--0.0776MWT: r=−0.45; P=0.002β=−0.003, P=0.095 CI-0.006--0.001TAPSE: r=−0.45; P=0.002β=−0.134, P=0.007, CI-0.23--\[- 0.04\]NT-proBNP: r=0.45; P=0.002β=0.001, P=0.73 CI-0.17--0.18[^5]

We evaluated the association between abnormal values of CAVI (\> 8.0) on the right and/or left side and other parameters in patients with IPAH ([Table 4](#T0004){ref-type="table"}) by the binary logistic regression analysis. We found the same associations: CAVI \> 8.0 with age, 6MWT distance, TAPSE, but independent correlations were only with age (β=1.104, P=0.008, CI 1.026--1.189) and TAPSE (β=0.66, P=0.016, CI 0.474--0.925).Table 4Parameters Correlated Significantly with CAVI \> 8.0 (Binary Logistic Analysis)ParametersUnivariate Binary Logistic Analysis\
β, P, CIMultivariable Binary Logistic Analysis\
β, P, CIAge1.107, P=0.002, CI 1.038--1.1811.104, P=0.008, CI 1.026--1.1896MWT0.992, P=0.021, CI 0.986--0.9990.99, P=0.18, CI 0.99--1.036MWT\< 440 m5.77, P=0.01, CI 1.52--21.933.09, P=0.15, CI 0.67--14.4TAPSE0.63, P=0.006, CI 0.454--0.8770.66, P=0.016, CI 0.474--0.925[^6]

Discussion {#S0004}
==========

Arterial stiffness is a well-known risk factor for cardiovascular event development and the secondary target point for pharmacological treatment. In the meta-analysis of Vlachopoulos et al[@CIT0048] it was demonstrated that a 1 m/s rise of PWV value increases cardiovascular risk by more than 10%. The predictive role of PWV has been confirmed in patients with arterial hypertension, diabetes mellitus, chronic kidney diseases, coronary heart diseases and in the general population.[@CIT0049]--[@CIT0057] Kaess et al[@CIT0058] presented the very interesting and convincing data about a causal role of arterial stiffness in the development of arterial hypertension: the higher level of PWV preceded and correlated with an increased risk of hypertension.

Artery endothelial dysfunction is one of the main factors associated with pulmonary hypertension development[@CIT0004],[@CIT0010],[@CIT0014]--[@CIT0016],[@CIT0031] as well as systemic hypertension development.[@CIT0024]--[@CIT0028],[@CIT0059] And it is reasonable to assume that patients with both diseases could have changes in the systemic and pulmonary artery circulation systems. But the degree of damages in different circulation systems might be different in dependency of the disease: more in systemic circulation at arterial hypertension or more in pulmonary circulation at IPAH. It was confirmed by our study in which the patients with IPAH had significantly higher PWVe and PWVm than in healthy persons, but lower than in the arterial hypertension patients, and this was confirmed by other studies too. Chamorro et al[@CIT0034] demonstrated that the patients with pulmonary arterial hypertension had reduced flow-mediated dilation of the brachial artery (10.6±3.9 and 7.5±6.3, respectively; p\< 0.05) and higher PWVe (8.4±2.5 and 7.3 ± 1.6 m/s, respectively; p \< 0.05) in comparison with the matched health subjects. The first parameter reflects endothelial dysfunction, the other one reflects systemic arterial stiffness. In our study, mean PWVe values were very similar to those in Chamorro et al\'s study for IPAH patients (8.49±1.92 m/s) and healthy adults (7.29±0.87 m/s). Sznajder et al[@CIT0033] evaluated systemic arterial stiffness in chronic thromboembolic pulmonary hypertension (CTEPH) and the control group patients were adjusted by age, gender, and concomitant diseases. They found significantly higher levels of PWVe in CTEPH patients (10.3 ± 2.5 vs 9 ± 1.3 m/s, p \< 0.05). The mean PWVe value in CTEPH patients was higher than in our IPAH patients that could be explained by more advanced age in CTEPH patients (69 ± 10 vs 42.0±1.9 years old).

We used not only PWV but also CAVI for the evaluation of artery stiffness and found that the mean CAVI values in IPAH patients did not differ significantly from those in the systemic hypertensive patients, in spite of our expectations of getting higher values for the systemic hypertension patients. It could be explained by the fact that CAVI is a less blood pressure dependent marker of arterial stiffness than PWVe or PWVm.[@CIT0040],[@CIT0041],[@CIT0060] The formula for its calculation is:

CAVI = a\[(2ρ/ΔP) ⋅ In(SBP/DBP) ⋅ PWV^2^\] + b,

where a and b are scale conversion constants, PWV = pulse wave velocity from valve orifice to ankle, SBP = systolic blood pressure; DBP = diastolic blood pressure; ΔP = change in blood pressure; *ρ* = blood density.[@CIT0038] Blood pressure is measured in a supine position automatically. This formula helps to minimize the influence of the "functional" component of arterial stiffness, when blood extends on the arterial wall at high pressure. Bergel reported that the measured stiffness could increase with the increment of loading pressure without any structural change.[@CIT0036] That is why IPAH and the systemic hypertension patients differed by PWVm and PWVe, on which higher blood pressure could influence. The real arterial stiffness (structure) assessed by CAVIs was similar in both groups.

It should be taken into consideration that our systemic arterial hypertensive patients were young and with just newly diagnosed disease. The deep structural changes were less prominent and comparable with IPAH patients in which disease was newly diagnosed too. We could assume in future that the long lasting arterial hypertension will lead to more advanced systemic arterial stiffness worsening. But at the beginning of their disease the patients with systemic and pulmonary hypertension have the same artery structure changes that could reflect the similar pathogenic mechanisms.

In our study, PWVe did not correlate with parameters of IPAH, but only with PWVm and uric acid level at Spearman analysis, but it was not significant at the multivariable linear regression analysis. PWVm correlated significantly with the uric acid level, NT-proBNP and male gender at Spearman analysis and only with the uric acid level at multifactorial linear regression analysis. It contradicts the data from other studies. Chamorro et al^34^ demonstrated that the flow-mediated dilation was not associated with pulmonary hypertension severity, while PWVe correlated with DL~CO~ (r=−0.27; p\<0.05), PaO~2~ (r=−0.41; p\<0.01), the 6MWT distance (r=−0.34; p\<0.05) and functional class. Thus, the authors concluded that the patients with pulmonary arterial hypertension had altered vascular function in the systemic arteries and, considering the relationship between PWV and pulmonary hypertension severity, systemic arterial stiffness might serve as a marker of the disease severity and response to a treatment. Sznajder et al[@CIT0033] found the elevated PWVe was associated with older age, higher pulmonary vascular resistance and lower oxygen saturation in CTEPH.

We did not find correlations between SVR, PVR and parameters of arterial stiffness (these data are present in the [[Supplementary Table](https://www.dovepress.com/get_supplementary_file.php?f=230041.docx)]{.ul}), there was just a tendency towards an association between SVR and PWVm (r=0.22, P=0.07). But the patients with IPAH had a significantly higher level of SVR than the healthy persons. That could be explained by an activation of the sympathetic system as the answer to left ventricular stroke volume decreasing in IPAH patients. Sympathetic activity may lead to peripheral vascular constriction and centralization of the circulation. This constriction could be associated with increasing SVR. Some recent studies demonstrated positive relations between SVR and PWVe,[@CIT0061],[@CIT0062] but we did not find any studies assessing correlation between CAVI and SVR, especially in the pulmonary hypertensive patients. In some studies the relation between SVR and PWVe was weak and more prominent for AIx.[@CIT0063],[@CIT0064] They concluded that SVR and PWVe could reflect the relationship between distal and proximal parts of the arterial tree. That is why in our study we did not find any significant correlation between SVR and the aorta stiffness parameters (PWVe, CAVI), but there was a tendency towards an association with the distal artery stiffness parameter (PWVm).

Independent correlations of PWVe and PWVm with uric acid were demonstrated in the Framingham Heart Study for the younger Caucasian population.[@CIT0065] The authors explained this by the proliferative and proinflammatory actions of uric acid through inducing monocyte chemoattractant protein-1 and cyclooxygenase-2[@CIT0066],[@CIT0067] and increasing tumor necrosis factor-α production.[@CIT0068] But in the Framingham Heart Study, PWVe was associated also with age, history of hypertension, glucose level, blood pressure level, male gender that was not confirmed in our IPAH population and, partly, could be explained by the smaller size of our group (45 vs 4257 persons).

CAVI, unlike PWVe and PWVm, correlated with age, as was expected, and some specific for IPAH population parameters: 6MWT distance, TAPSE and NT-proBNP. It also had an association with PWVe and, especially, with PWVm. PWVm and CAVI are both dependent on smooth muscle tone.[@CIT0060],[@CIT0069] Multivariable linear regression and binary logistic analysis demonstrated independent correlation only between age, TAPSE value and CAVI. We could not find any other studies in which CAVI was used for evaluation of arterial stiffness in IPAH patients. That is why we do not have the possibility to compare our data with other author findings. It is easy to explain an association between CAVI and age, however it is hard to interpret relations between TAPSE and CAVI. TAPSE is a parameter of the global right ventricle function and characterized by the apex-to-base shortening.[@CIT0070],[@CIT0071] TAPSE correlated with the right ventricle ejection fraction and prognosis in the pulmonary hypertension patients.[@CIT0072],[@CIT0073] Association of TAPSE and CAVI might reflect two parallel processes in IPAH patients: worsening of arterial stiffness and right ventricle function. Both are connected with structural changes including under proinflammation cytokine influence. The causal relations are hard to explain. We need to provide more studies with a larger IPAH population and prospective evaluation of prognostic significance of the arterial stiffness parameters.

Limitations of the Study {#S0005}
========================

This is just one center cross-sectional study which included a relatively small group of patients with newly diagnosed IPAH. We did not analyze the time from the first presentation of the symptoms, but in our country where there are some obstacles in the diagnostic process (sometimes 2--3 years passed till a patient would be referred to a specialized center); all of that could be much different for each patient and could have influence on the arterial stiffness worsening level. However, we compare IPAH patient data with the newly diagnosed systemic hypertensive patients, which also could have different times from the disease start. And the fact that these two different populations of the patients had comparable systemic artery stiffness is noteworthy. The observations were not blinded, but for arterial stiffness evaluation the semi-automatic devices were used and the influence of the investigator seemed to be negligible. Based on our results it is impossible to conclude on the pathogenesis of arterial stiffening in IPAH patients, but the discovered changes and correlations suggest the new directions for further studies, including pathogenesis and prognosis researches.
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[^1]: **Notes:** \*P\<0.001 in comparison with arterial hypertension groups; \*\*P\<0.01 in comparison with arterial hypertension groups; ^\#^P\<0.01 in comparison with control group; ^\#\#^P\<0.001 in comparison with control group.

[^2]: **Abbreviations:** DBP, diastolic blood pressure; SBP, systolic blood pressure; PBP, pulse blood pressure; HR, heart rate; RV, right ventricle; LV, left ventricle; TRV, tricuspid regurgitation velocity; LVEF, left ventricle ejection fraction; PVR, pulmonary vascular resistance; CI, cardiac output index; mPAP, mean pulmonary arterial pressure; TAPSE, tricuspid annular plane systolic excursion; 6MWT, 6-minute walk test; SVR, systemic vascular resistance.

[^3]: **Notes:** \*P\<0.001 in comparison with group 2; \*\*P\<0.033; \*\*\*P\<0.003; ^\#^P\<0.003 in comparison with control group; ^\#\#^P\<0.008; ^\#\#\#^P\<0.001.

[^4]: **Abbreviations:** CAVI, cardio-ankle vascular index; PWVm, pulse wave velocity of muscular type arteries; PWVe, pulse wave velocity of elastic type arteries; AIx, augmentation index; AIx\@75, augmentation index adjusted to heart rate 75; SBP, systolic blood pressure.

[^5]: **Abbreviations:** CAVI, cardio-ankle vascular index; PWVm, pulse wave velocity of muscular type arteries; PWVe, pulse wave velocity of elastic type arteries; TAPSE, tricuspid annular plane systolic excursion; 6MWT, 6-minute walk test distance; NT-pro BNP, N-terminal pro-B-type natriuretic peptide.

[^6]: **Abbreviations:** CAVI, cardio-ankle vascular index; TAPSE, tricuspid annular plane systolic excursion; 6MWT, 6-minute walk test distance.
